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AN INW3STIGATXON OF VAIJZE-OUWJW’ SCA~NGING OJXR

A WIDE RANGI!!OF INXZT AND EXHAWT PRESSURES

By John W. R. Creaghj Melvin J. Hartmann
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An investigation was conducted to determine the effect on tho
performance Gf a two-v~ve air-cooled aircraft cylinder of increas-
ing the valve overlap Zrcm ths conventional value of 40° to 130°,
Direct cylinder lnj6ctZon of fu@ was used throughout the investi-
@tlon, which covered a ran= of inlet and exhau6t pressures a.t
engine speeds of 2000, 250C, and 2800 rpm. ‘During sane of the runs
with 130° valve overlap, a gae-smu.ling valve was installed in the
cylin~er head tc determine the combustion fuel-air ratio.,.

With the 1300 valve overlap, nearly cample$e clearance-voltie
scavenging was obtainerlwith a co~equent increase in powez output
of approximately 20 percent over that obtai@ with no scavenging.,,
Scayerigingwithout lobs df.fresh charge was confined to a nzurow
range, of exhav.st-to+nlet-premmre ratios, especially at the lower
engine speeds. Gas samploe taken frcm the cylinder head during
the comtiption,process showed that, when complete cloemnx%-volume
scavenging was obtained.,approximately 50 percent of the increased
charge-air flow wu wasted in the.scavenging process. Despite the
increased @wer output with the 1~0° valve overlap, the cooling
effect of the scavenging air ~ s@fj.”tie@ to &event q increase
in the mlhaust-valve-seat temperature and decreased the exhaust-
valve-guide twppevature.aq muob as 5@ F.

J -

INTRODUCTION ‘ “-- ~ -

The use of large =@Lve overlap for scavenging and charging
the cylhaders of a supercharged engine has been shown to be an
~ffe.ctiveUeans of increasing the power, Sotieyand YounG (refer-
ence 1) have shown that for low-speed.ope~ation with a four-valve
cylinder p~c+.ctical.lyall the ideal increase in power obtainable
with’comple’cescavenging was,reali~ed.with a VFJvc overlap of 112°.
Slightly longer yeytods of overlap we~-eused in the invest~gation
of referf3nce2 to obtain comparable scavenging at intermediate
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speeds and it was shown t~t scavenging a two-valve ccmbustion
chember WEM more difficuit”than scavbn~ing a fofi-valye ch&i6r.
The difference was attribut@ to air flowing directly from the
inlet port-tm”the exhaust port of the two-valve.cylinderwithout
completely,sweeyingthe residual gases from the coml.nmtl.onchamber,
This condltionmayke aggravated ifa low-turbulezicecondition
exists.

Valve-overlap sca.ven@ng in combination with direct fuel
in~ection end an exhaust turbine is considered a good method of
incrqaeing th? net power of an engine. Within a lhnited rage of
altitude, valve-overlap scavq@ng is beneficial without the use
of an etiau~t t~bi~.,. A+tho@ the &ner@. performance effects
of,valvti-ov-erlapscavenging-have%een h“o”fi~the actu~ per%!ormance
charac.terjwkiosover,~ wi&e-rw@ OF e~aust-%o-i@.et-pressrg?e
r~tfos have”teen inavailab,le. ,.
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An inveeti.ga+ion.wasmade at the NACA’C3.evelandlaboratory to
determine, for a two-valve”air-cooledai~crrMt cylinder? the effects
of l&rge valve overlap on performance over a wide range of mzha.ust
and ini{3t-manifold.pr;8sur&. The sk@e-oy’linder e~ne performance
furnishvq cylinder~cycle information necessary for anelysis of a- - -........
combination of’’6n”@ne=,’supercharger, and &&aust ttib~’~e~=~@ v~-$”e ‘=””-”-’—=—
overlap tied.in=~hiq.inveq~i~.t~on$-which was sklected.~iti“refer-
ences 1 and 2,”tis”130°,~Comparative ptirfqmianctiwaffobtained with -
‘.lOO”ove:rlap,whl$h.j.sstandard.kimj.ngfor the engine fra which the
cyl.in.d.e:rwas taken, The performsmce of-the engine with the two
valvo t!.mlngswas oqtied over a rangeof exhaust-to+nlet-pressure
ratios from approximately 0,1 to 1.3 at engine speeds of 20007 2500,
and 280Q zq$h..33uringpart of the inves~i~tion with 13~ overlap,
the .comhusti,onfuel=air ratio waa determined from @s samples
obtained through a sampling valve .@talled. in the cylinder head.
From theee ~~ta~ the relative ma@’itudes of charge air burned and
charge air wa~ted or lost through the e~ust valve during the
scavenging process oould %9 .fietermined.~he internal-coolingeffect
of larg13scavenging a~r flow w=. mee.6uredby comp=ing data on
intmnel cylinder tempera+mree for shuibr operating condi’tiionflwith
both vtilvetimings at a constant rear-epark-plug-gaekettemperature.

..- .:. .. --- . -:-

APPARATUS ANO XM%WWMENTATSON

En@,Iy.,- This investf.~tionwas conductel.on a ssnglescylinder
engine copsis~iq of.a two-yalve,.air-co~l.ed$.“.airc.zyu?$.K@@K@.... . ......—........

‘mounted on’s CUE ctiankcase,A schematic”di.agramof the sctazpis

shown in f-e 1. The cylinder had a bore of 6$ inches and a stroke
. . - .-.. J-:..:
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iiof 6 inches with a measured compression ratio ot 6.1. “AnNACA

balanced-diaphraw tcque ifiicator (reference 3) was used to” .
measure the power absorbed or delivered by a 300-horsepower
dynamometer. The speed of the dyn?mometei-was controlled by an
electronic device, Engine speed’was neaeured %y an electrically
interconnected stop watch mxi revolution’counter. The spark”t+~m
was Get at 20° B.T.C. The over-all accuracy 6f the titr~-nb=t~on
was estimated to’be lmtween 1.0 and 1.5 percent.

Valve timinS. - Standarfivd.ve ttming for the qrlinileupro- -———.
duced 4W valve overlap. Because increasing-the valve-overl.ap-
peridd to 13?0 without ch~ging the inlet-closing and the oxhwst-
opening periods wae desirqd, a set of Gems W$S co-t~ucted by
inserting suitable tlwellsat the m~imum lift portion of the

—

400-overlap cam profi;es, therehy maintaini~the same rate of “
velve travel aniimaximum valve lift for both sets of c-. The
two valve timings were;

-==-c=a-.ka=l-==-
Exhaust opens

L
80° B.B.C. 80° B.B.C.—— —.

1A * :“-Exhaust closes 18° ~ T C @+O A .T.C

Fuel ‘system.- A sketch of the high-pressure part of the fuel
syst~ is shown in figure 2. Fuel was supplied from a single- -
cylinder hi@-speed pwnp that held the Start of in~ection constent”-
and allowed the end of Injection to VSXY with fuel flew. The fuel
was directly injeoted into the cyl-inderwith a epring-?-omiedDOZ-
zle at a pressure of 4C0 pounttsper s@are Inch.’ The nozzle “~-
Iocatad between the frcnt spark plug + the inlet valve and
sprayed fuel across the path of the inooming charge air. The
fuel wed t~ro~gh~ut the proced~e -S 1~-octane gasoline ana
was measured with a 200 pound-per-hcmr rot”ametercalibrated-for
this fuel.

Cooltng-a$r system. - A steel duct encase~ the cylh.dir and
a set of wbada.rd baff1ss directed the cooling air around’the
cylinder. The baffles were extended to”seal the sidee, the top;
and the bottom of the steel duct, as shown in figure 2. The



.-
. i-

. .

.-=--

4 NACA TN NO. I.-475
n-.. -

..—

-.
- .

.—— .. -.

cooling air was taken from the laboratory cooling-ai~ systim,”
%rou@t t~ the front of the steel duct tQrou@ a 16-inch pipe,
removed from the rear of’the duct througl”a dimilar pipe, And
d~schar~d to the atmosphere; .’ , .

.

Char~e-alr and exhaust sys~ems. -.Char@ air yas supplied
from -i.aborato~ combustion-air system throu@ a-pressure- -
control vA1.v4and a set~f electrical air heaters to-a purge tmk
of about 10-oubic-feet capacity, which dempened pulsations in the
system, The inlet pipe and the suzzgetank (fig. 2) were insulated
to prevent exceseive heat losses.“.The inletmanifold.-pressuxet~P
was located in”the &q@ tank. Char~-air weight P measui’ed
with a l.~-inch thin-plate orifice in a p$pe of 4,@-inoh inside
d.@mater Iocated between the qressure.control valve and the a~-
beaker, All meastmements were ‘takento c&ply with A.13.M.~. orifice
practice for a thin-plate orifice aridfl~ pressure taps.

,- . . ! : —..=

As ehcmn in figure 1, the exha&t gsses frm” the engine fkwed-
into a h-cubic-footmuffler. From the rntifler,the exhwtistgase~
flowed into a cooling tank of abcut ~-cubic-feet oapacity and then
to the laboratory exhaust.systeme. The pbesm% in the exhs.ust
system was measured near the temk. Cool@ water was sprayed inbo
the exhawt pipe about 28 inches d.wnstram of the cyliader exh~-.ust
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Gas-mmpling equipment. - IQ order to &etexmine the actuel—.
qerating tuel-air ratio for some of the runs tith the 13@ v.slve

—

overlap, exhaust-gas s~ples were taken fr~ the co@ustl.on ch+m-
ber with an electrically operated sempli~ valve. The sampll.nfl
element WM fitted @th electrotis @ sqrved.both as a front spark

—.

plug and as a sampling valve, The valve in its normal po8it30n wtis
held clo,eedby a spring emd was oye~d by a ma~etic coil that
obtained current frcm a condenser. The condenser was &Lsch:m@d
by a set o~contact points that ~re fitted,with a v%rrder @.just-
ment to compensate fcr speed. The valve was set to open at 10& A.T,

.—

,C ,
on the powe~ stroke emd ~as es.ti~ted to stay open f& crank travel
of 2° to 30, depending on the engine speed. !Thegas wmnylefiwere
passed through an oxidizing furnace and then analyzed in m Orsat
ayparatus according to the method of reference 4.

--—.
Temperature measurements. - Probe-t,~ therinocoupleswere used—.

to measure the oil ad char~-air temperatures. Temperature of
the exhaust-valve guide and seat were measured by a themnccouplo
insertea in each of these parts. Tlw’temyeratum under the rear
spark plug waa meesmed with a gasket-t~ thermocoup?.e.”‘All
temperatures wer~ read.o~ q self-l@~cing pote@.fometer.

. .“. . . . .-
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METEors Aim mocElxJRE

Preliminary investigations. - The fuel pump was timed to start
injec+ing fuel into the c71* at 70° A.T.C. in =cordance tith
the results of reference 2. The timin.gwas visuaUy se? through the
use of a strobosodpic l@ht. Investigations were made over a range
of engine speed tid fuel flow, for which the start of injection did
not vary more than = crsn.kdegrees throughout. This accuracy we5
considered satisfactory because the engine perfozmsnce was insemi-
tive to slight changes In inject$on timin~ in this part of the cycle.

The accuracy of the exhaust-gas sampling valve was determined.
by operating the engine with the ko”-cwerhq i%ms at equal inlet-
ms.nifoldand exhaust pressures over a r~mge of ftiel-airratios at
an engine speedof 2CO0 rpm, The resti~tsof the investigation are
shown tn figure 3 where the fuel-air rattos determined from the
meashred.quantities of char~-air and fuel flGw are ccmpered with
the fuel-air ratios detehined from the exhaust,-gaseenrplingvalve;
Close agreement between the two methods of dotermjning the fuel-air
ratio was obtained. The “percentagechange in indicated mean
effective pressure frm the maximum obtained as the fuel-air ratio
was varied Trdm apgroxti.tel.y@.@ to O.lCYjis also shown in
figure 3. Maxi?mx.uindicated mean effective preseure was obtained
.at a fuel-air ratio of 0.(28;the percentage chsnge in power with
an incremental clmnge in fuel-alr ratio was mucti”mer on the
rich side of O.@ than on the lean side.

.,

. .. ‘~Withstandard valve timingl the overlap period was assumed
to be so small that no fresh charge air would be lost through the
exhar.stival.+wunder any of the’operating conditions of’‘the program.
In order ‘toprove this assumption, an invbetigation was conducted
in which the Inlet-mnnifold pressure and temperature, the engine
sped., and the fuel-em.ratio were Iieldconstant at 35 inc.heeof
meicury absolute, 20G0 1?,2000 rpn,”and 0.09, respectively, snd .
the exhmzst pressure was varied from approximately inlet-manifold
pressure to a value considerably below it. The gas-ssmylingvalve
was used to determine the cmnbmtlon fuel-air ratio, and.because
the fuel was injected after the exhaust valve-closed, ~ loss in
charge tiirwould be indicated by a difference between the fuel-air
ratios determined from the measured intake of fuel”qnd air @
from the gas-sampling valve. The following table shows the results
of the invest~gation:

.

,.,.,
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-&-Laustmssu, F’uel-afrratio, Fuel-air ratio,
inlet pressure measured intake exhaust-gae

pe/Q sampling valye

1.077 0. Oglp 0.0912
,994 .0909 .0902
●al ●O9W ‘ .0906 >:’
.759 .0906 -
*43.4

,0910
.0906 ,0916

,243 - .0906 - *091!7

These da~a “showthat a neg.li~bl.e~Ount “ofcharge air wa& lotit
inasmuch as the two methads oflmeafmripg fuel-tir ratio indicate
nearly the came values, It was therefore considez’edsafe to
eliminato the use of the gas-samyling valve during operation with
the 40° overlap.

Per:?ormanceinvestiga:tims. - The engine was operated at.gpeeds
of 2066%nd 2500 rpm with inlet-manifoldpressures of 2’5,35, and
45 inche[sof mercury abso].uteand at 280C)rpm with inlet-manifold
preseureo of 30 and 40 inches of mercury absolute. At each englnc
speed em.dinletmanifold pressure the exhaust pressure was vaied
over a w:Lderemge for both the 40A and.130° valve-overlap timings,
All invetjtigaticmswere run with a rear-~park-plug-gaskettemperr
ture of kOOQ F and a charge-air tenlperattie~f 200° F,’ The friction
horsepower was oltained by motoring the engine at the same inlet-
manifold pressure, exhaust presmre, aud speed as the power runs.

Because it was shown in the preliminary-investigationsthat
no chargo air was lost through the exhaust valve with 40° vd-ve
overlap,-.theratio of fuel flow to charge-air flow was considered
as the combustion fuel-air ratto end was held conetant at a value
of o.~. Durin~ those runs with the 130° overlap in which the
fuel-air ratio was not+etemined by using the gas-sampling valve,
the fuel.flflowwas set by maintaining the ~~ 3ndicated specific
fuel consumption aa had been previously obtained under the s=ue.
conditions with the 49° overlap valve timing. Occasional checks
with the.gas-~amplingvalve-showed that this method otsettlng the
fuel f’loYTwas sufficiently accwate to warrant its u% for mixture
setting and also saved considerable thue. In operation with
exhaust prefigureshigher th~ inlet prsseures, the fuel-air ratio
with the 1.30°valve overlap tjming could, of,course, be determined
from the measure~ inlet vslues because no charge air was wasted.

} ,.
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R3&LTSAIVbDISCUSSION
General performance”characteristics. *:!Checvrves of””figure4

show ‘theeffect on indicated mean effdbtive pressure and,charge-
air flow of vez’yin.gthe ratio of””exhaustabsolute to inlet absolute
pressure Pe/Pm for both @o and 13@ valve overlaps.” A,much
greater variation in both indicated mean e@?’qctivepressure end ,
charge-air flow - o%tained with the 130° o’ver2.ap,When the
exhaust pressure was lower than the inlet pressure, the increase ~
in indicated mean effective pressure with the 130° overlap was
kcrgely due to the action of the scavenging air in sweeping tb. ‘
residual gases from tho clearance volume of the cylinder. The
increase in charge-air flow ,wapdue.both to %.heincreased air
burned in the clearence space as a result of scavenging and to - :
air lost through the exbm~t valve during the ecaven@ng process.
As the exhaust pressure increased.above the value oilinlet ppx-”
sure, the charge-air flow and tpdicated wan ~~fective pressure
rapidly decreased owiqg to the yrosence of excessive e@a.ust.~s
in the cylinder res@.ting frcynrever@L Cf flow @ruughthe exhatmt “
ve+ve. The comparatively s’md~lchunge in both indicated me=”
effective pressure and chezge-air $1OW with 40° valve overlap cm “
be attributed to the expansion or compression of the residual gases
h. the”cleem,nce volums of thecylitier resulting when the exhaust
pressures arg hip>er or lower than the inlet pressure,

The following table shows the me.ximumpercentage incr~aee In “
indicated.mean effective presmre with an increase in the valve
overlap obtained at.any value of Pe/P over the range of engiti
speeds and.miifold prsssureticovered By this investigation.

%i&ine Inlet Exhaust pressure, imep huep Xncr6ase
speed mmifold ~ressu& with 130° with 40° in inmp
(&pm) -ynas~

3?el%
.val.~e vtive with 130°

. overlap overlap valve over- :
abs.) .“” (:#;cl (:/;q lap (percent)

. .
-

2000 1“ — 0.77 143;5 ‘ 124.5 15.3
2~Qo ‘ ;; .77 201.0 Y(6 .5 13.9
2000 45 .70 . 264 iO 232.0 13.8
2500 23 .70 138.5 118t3 16.9’
~5r30 35 .75 191.0 ~69. o 13.0’
300 45 .75 . 2}}7.~ 220.5 1.2.0
2800 33 136.0
2800 40

14,0 ‘

-:% ~~ 7.= 184”0
12.2
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The value of pe~ at”wQic$.the msx~vm percentage increase In
indicated mean effective pressure occurred in the preced@g table
need not a.nd:sometimes ~oes mat coincidx..withthe value of Ye/~
correapondtng to maximum power output with 13@ vclve overlap
because in this rsmge of pe/~, the indicatedm~~ effective
pressure WQ6 inc~~easlngwith decr~aaifig pe/~” for both the k~
and 130°_overlapa. The igoreased..in~ca$ed moaQ effe”ct}vepressure
shown in this table ia that o%ta+md yith the increased’scavenging
ef~ct. of the higher.va.lveove.rlai. Newly all the maximum percent-
age inoreases in power were obtainqd at Talues of Po& “between
0.70 ad approxtnately 0.80, k+espectiys of engine speed ‘or
manifold pre8sure, ‘. ,T .

Because other inv~s~i@.t~onshave expeil.enced?uoredtfffcfl~Y
in scavenging two-valve cyl&gdere than ~hg several other t.~es
investigated, it is interesting to determine whether comyleti”ecav-
engi.ngw~fj’obtained, Ae mentfoned tirefercfice 1; *he thgoz%tical
ratio of.powor with complete clearance-volumescavenging to power
with no scavenging is r/r-1, where r is the compression r’atio.
Owing to prolable inertia effects, the pgimr curveB of,figure 4 do
:mot inteysect when tm exhaust sud.inlet premnxres are equal. Ths
indicated mean effective pressure value a.t.wtiti no cle~ancg-volume
scaven@ng oc~urredprobably should.1.m.t.~en.aa the poi@ on the
4@-overlap, curves corrospo@ingto pe/~ valueof”l.o. Tlmfol-
lowing table shows the ratio of meximum power with 130° overlap to
lower with no cle~-ce-volmsc aven@~J the point with no
clearance-volume ecaven@ng being taken m the indicated mem.
.effective.presswre with ~@ overla~ at .equsl exhayst and met
pressures:

.—
.-

—

.

-—

. . —.
Ti!ngim
speed
(m)

i&p
(lb/sq ti.)

40° vs3ve overl.apg

Power .
ratio

200C’
200C’
200C1
2500
250(3
2500
280c~
2800

121
172
226
115. 3.61
2Q4
132
177

, .... .

1.19
1.17
1.17”
1.21
1,19
1.22
1.17
1.17-

25
37””
45

144
201
264
139
19’2
249

0,72
.71
.67
.56
,68
,65
.80
,74

155
208 .

.... _=.-
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Because the compression ratio was 6.1, the theoretical ratio of
indicated mean effective pressure tith ccmplete clearance~volume
scavenging to the indicated mean effective pressure with no scave-
nging should be 1.195. Because the data are quite close to this
value, nearrlyccmple%e clearance-v~luw t3caven@-ngwas apparently
obtained .inall cases with 130° va~ve overlap., This s~e rosfit
might have been deduced from the charge-air e..nd.indlcated-mean-
effective-press~e curves of .fj.gure4, where it can be f3eenthat
the,charge-air flow increased.about 10 percent as the VS2-UBSof
Pe/~ decreased beyond the paint of IMUZ@Um power with 1300 over-
lap. Any residual gas in the combustion c~her shoul.dhaw been
removed by this additional‘airflow with a consequent increase in
power but the po~r did not inczpase, which indicated that no
residual gas was left in-the clearance vol~, that is, ccmplete
scavenging was obtained.

The curves of figure h.for 130° =nilveoverlap indicated a loss
in indicated meam effective yressure of about 3 percent at low
pe/~ values. This loss was accompanied by an increase in air
cons~~ption of approxi~tely 10 percent @ asio~ as the air flow
ccntinued to increase the indica.tefi”meaneffective pressure decreased,
but when the meximum air flow was eventually reached the indicated
zaeaneffective -pressureremained very nearly cons@nt with further
decrease in pe/~. Thus the power variation in this regionwas

apparently a result of the excessive scavenging air flowf which
carried with it a greater percentage of the total heat of ggmbus-
tion to’the exhaust. This heat loss overceme the increased charge-
density effect expected to result frcmiinternal cooltpg end the net
result was a slight loss rather than a gain in indicated mean
effective pressure at very.low values of pe/pm.

Specific air consumption and volumetric efficiencies. - The—-
indicated specific air conmmrption and~v~w~ciency
are plotted against pe/~ in fi~ ~. In this ~epopt, volumetric -
efficiency is defined @S the ratio of tbe volume “ofah. i@ucted
into the cylinder, determined frcm measurements of pressure sad
temperature at the inlet surge tank, to the displace~nt volume of
the cylinder. The air inducted ir@uded the air remaining in the
cylinder as well as that lost in the scavenging process. me
volumetric efficiency varies over a considerably wider ran~e with
130° valve overlap then with 40° valve overlap ‘owingto both the
largesc~venging air flow S@ cha,rgeair wasted at low values of
Pe/P and to backflow @ exhaust gas at high values of pe/~.
The ~a%a at any one speed and valve overl&p fell on the same curve
regardless of change in inleb yressure. The maximmn value of
volwtric effici.en~yincreased,with a decrease in engine speed
because of the increaaed time available for sca.ve~i~ air flow,
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The Iargg incr;~se Ym rate of WMcated
per indicated horsepower with decreewd
acteristitiof large valve otierlap”.’The
ratios in which scavenging was obtained
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specific air consumption
Valwel of “.”pe/~ is char-
emkll raxi~eof presspre ‘
tiithno”10ss of fresh Ch9rue

consists otithe region–be~ween the h.tefi~eotj.onof the volume &ic A–

efficiency curves and the intersection of the 6pecffic-air-.cmsumptkL
.-

OIXK’VCM. This region is quite ruurow especially at an en@ne p2e@
of 20@ rpnshoting that sce.vqnglngair was tieingwastud almost M
soon as Lt be~an to flow. The small increase h“ indicated specific
air consumption with hOG oveylap m the Vd-w of pe~~ decreastid

.-

was appa:rently.cause~.by mmo change in cmibustic~ efflcienc.ybecame
no charge air was ,lostwith standard val’vettiing.

Charge-air utilization. - me chk~@’8ir uti~iz%tion ia pre-
sented.in figure 6 for e~~m oyerat~ng conditions of 25 &d 35 inche~
of mercury absolute at 200Q”rpm and’25 i~ichesof mercury .i!b~olti~

— — .—

at 2500 :rpm, Trom g8,s-sempleb.ta showing the fuel-air rat%o at
the time of combustion the tiount of alr actwl.ly entering itito
the combustion process was”-cmputetby the equation - “

..
~=”~ ,= ‘ ::

. .

where ,!:. .“...:” ,..—-
.),

a charge air in -cylinderat time oflccxdmstion,‘(lb@In)

I’/A fuel-air ratio at time of ccmlmstlti as obt~ined from ge.s-
twnpling. apparatus ; ..

., .

F fue~Lflow to cylinder, (lb/rein)
,.,.

The values-of actual charge air burned aro shown together with the
total charge air for both the.130° emd 4d0.~ve~lap valve timin@
in figure 6. The total charge-air flow was obtained,frcm the.alr-

, measuring system in the coznbustiop-e,irlti, es pre~lously described.

The utilization. factor is defined. as the pmt &the t.otd
char~e a:b utilized by the cylinder and is expressed ,bythe equation

,. .. ., -. ——.-. ---

Utilizatim” factor =
-a’.

Tc&J. ChW@3-a~~.
“o
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The followtig ~able shows;”sti +tiVeg;of’-th;~tjilizat@rfactor’:.: ,“ - -
ob.tainqdfr~ ,the.curv@ of;,f’~q. 6;,’ -,.:,“ ~ .“.-,.., ,’ ..- -. --”

,.,
.,” - . -“

,..... .-.,.-. .. ..... .—

Inlet IEnginelExliaVst“pressure,Charge air

I
in.cy~inder

cI(mm) IT ‘et_.”RssWe . .a

I .(lb/tin)‘

..
...
‘25””

.,

.35,

25 .

. .

2?00

-

2000

—-. ,.

2500

O.g 6;32
.-,,’ ..7 :, . $,85 “

.5 7*m
,,, .

:: ..1 7.08 .
.“1’ 7.08”

●7” .
.3 ““

,, .1, ,“
—,

0.9 ‘-
,:;’

.3

.1

. 8..qyJ -
9.75 ~
;,;3”

9180. .

--;.6CJ

8:4@ .
8.40
8.49

,

Total ,UtQi2a~ “-~._.L”
~h~ge ~“,.t.icul.,,.r :;..:,,.-C
air’flow factor..,. ,
(lb@l) , ., ,.. .,.-

—.
6,50. -T*g2.
.7..70’~~ ‘..89a;;.
8.30 ‘

“.‘:,$: ., ““”8;55 .
8;58 ,.825 ~ : ‘—-

=ir80 ,0.993 ,,.
.10..83 “ .“g~(y.: :;
11.80 : 8830 .8.
12.10 . “ *81O. ,“”~,
I-2.,15 ,,*.8o5v.:

7.&j’. .,1.000:.;:.;”.,
8.9(3 ●945 :: “.
9.50 ,.,.835 .,

.’;.7”. m .,.”~,:
. .,. .., .

. .
,,. .,

The .utilization factor rapitiy decreased with an increa~e in scav-
enging because at the lowqr values of pe/

%
a cons$dera’bleamount

of the Increase in air flow was.wasted in t e scavenging process,
For example, at an engine speed of 2000 rpm, an inlet pressure of
35,inchps o?.mercury absolute awl &value of p~~pm of 0.5, the
charge air .tra~ped.in the clearance volume.with.130° valve overkp
was increased appwximately 0.70 pound per minutq,over that trapped
with 40° valve overlap whereas the increase in total charge air
supplied was ,approxtmate,ly2.70 w~d~ per minute.. The d~f’f?rence
.in these q,uanti.tiesdecreaeedwi%h increased exh~uat preesure and -
at a value of ,pe/Pmof 0.70 only 50 percent of the increased
charge-air f,lowwttb 130° ~verlap was wa,sfied.in sdav~~i~ the
clearence volume., Even before completo scavenging was obtained, a
considerable amount of aim was lost durin&the 130° oyerlap period.
Beoause complete removal of reaid.ualgaseq from the cle=’~oe “ .
volume has beep obtained on a four-valve cylinder with small dif-. ‘
ferenoes between inlet and exhaust presswres (reference !2),there
is a.,poqsibflity,that, up to the:~int of.complete scavenging,
les,e&tT will bewawted. in the Scav$nf$ingpm?ce:es,x?.a,fo~-~a~ve”
engine than on a two-valve engine. ...,. .,.

,’
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It is evident from the pr~cedl~. table”ttit a =~ler PerOen~-
age of ckrge air was waated at 2500 rpm than at 2000 ~.. .As ~m
Pe/Pm X’W~iOWLLSdqc~eaged fWCM approzm-f?l~ .0:5~ the%: YPS.:W=a-
tlvcdy littlq inctieasein percentage of scavenging air mgte~c at
eithel*H]?e+d..The utflization factor was a~roximately the psma at
2000 rvm f-orinlit-preiwres of’both 25 and 35 Inches of naercurY,
which i@Licat@L that,a.ta constant speed:,the utilization faotor .
was dependent only on variations in the value of pe/~, wi’thi.n
the rango of preesurep investigated..

Effoct”of increased valve otier~apop””cylinder ”temperikxms. “
The e~c%- of increase?!. valve overlap on”t~e cooling of the cylinder
was detemdmet Vy ccnnparing the temperatures of the exhaust-valve
guide ant s~at for 130° valve overlap with those fm 40° wil.veover-
lap as the exhmust-inletTressure ratio was yaried over awide range
at constmt “iniet-manl.fol.dpresmire, engl~ speed, md rear-spark-
plug-~asket tayeratmre. A reduction of w much as ~0° F in the
exhanst-valve-guida hsmpcrature was obtained wfth the 130° overlap
hut no S1gni<icmt change was olwwrved h the exhaust-valve-seat
temperature. The increased.chmrge air burned %’tihthe 130° overlap
tended.tc Increase these temperature, whereas the presence of the
scavenging air had a .ccxiliweffect. Because the e~ust-valve -
guide teqperettie nozmall.yran much hotter than the exhaust-wlve
seat,-the scavenging alr was more effecti-yein cQoling the efiust -
valve @de th~ the valve seat, The sca=mgin.g air wm therefore
effective in reduoing th”ehottest temperature ad at the same tilae
permitted na,jrjcretisein the valve-seat temperature &spite. the
i.ncreaaedpo%r output of-the cylinder,

---
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Frcznzm investigation o~ the effects of Valve-overlap”-ecaveng+ -
..

ing on t,he”performnce of aq ai~cy~t. cylinder, the fol~o~ .
results wer6 obtain~:

1, With 330° valve overlap, nearQ complete clearanc-e-volums
scavmgingwas obtainer%with e,consequent pgwer increase “ofa~rox3-
mately 20 p@~ent ae compared with that obtained with ~+O”ov~rlap
at an oxh~>.mt-pz+essm-e~o-i~ot-pressure ratio f3f1.0.

~. Soaven~ without loss of fredh charge wae limited tO ‘a”
narrow range of exha~t-prawn-e-to-iplet-presstie ratios,”especially
at-the lower en@ne speeds.

3, Imorder to obtatn comple~e stave- ~ t~e two-valve
cylinder, approximately 50 percent of the increaee& cshar~ air was
wasted,in the scavenging process.
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4, Although a power increase was obtained by
lap, the cooling effect of’the scavenging-air was

13

using 130° over-
sufficient to

hold the exhaust-valve-seat telnperat~~econstant and to reduce-the
exhaust-vslve-gwidetemperature by as much aEI~0° F.

?YlightPropulsion Resmrch Zabcmatory,
Ne.tionelAdvisory Cmmuittee for Aeronautics,

Clevele.nd,Ohio, August 8, 1947.
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Figure 1. - Schematic diagram of engine.
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Figure 2. - Sketch of experimental section.
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Fuel-air ratio, measured intake

Figure 3. - Accuracy of exhaust-gas sampling valve and percentage change
in power output with fuel-ai r ratio. Valve overlap, 40°; inlet-

manifold pressure, 35 inches mercury absolute; exhaust pressure, 35
Inches mercury absolute; engine speed, 2000 rpm; combustion-al r tem-

perature, 200° F.
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(a) ‘Engine speed, 2000 rms.

Figure 4. - Variation of indicated mean effective pressure and charge-
air fiow with ratio of exhaust absolute pressure to inlet absolute
pressure.
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(b) Engine speed, 2500 rpm.

.

Figure 4. - Continued. Variation of indicated mean effective pressure

and charge-air fiow with ratio of exhaust absolute pressure to iniet
absolute pressure. ‘
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(c) Engine speed, 2800 rpm.

Figure 4. - Concluded. Variation of indicated mean effective pressure
and charge-ai r fiow with ratio of exhaust absolute pressure to inlet
absoUute pressure.
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(a) Engine speed, 2000 rpm.

Figure 5. - Variation of volumetric efficiency and indicated specific

al r consumption with ratio of exhaust absolute pressure to inlet ab-

solute pressure.
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(b) Engine speed, 2500 rpm.

Figure 5. - Continued. Variation of volumetric efficiency and indicated

.=..-.

speci fic al r consumption with ratio of exhaust absolute pressure to

inlet absolute pressure.
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(c) Engine speed, 2800 rpm.

Figure 5. - Conciuded. Variation of volumetric efficiency and indicated

specific air consumption with ratio of exhaust absolute pressure to

iniet absoiute pressure.
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0 Total charge-air flow,
l~”valve overlap

Cl Charge-ai r burned,
13(F valve overlap

,A Total charge-air flow,
40° valve overlap
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Figure 6. - Utilization of charge-air flow with 130° valve overlap de-
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